The aim of this study was to perform the phenotypic and genotypic evaluation of Listeria monocytogenes strains isolated from fish and equipment used in fish processing plants. The prevalence of selected gene-encoding virulence factors among L. monocytogenes strains was assessed by multiplex PCR. The genetic (PFGE method) and protein similarities (MALDI-TOF MS technique) of isolates were determined. Their drug resistance (disk-diffusion method and MIC values), serogroup classification (multiplex-PCR), and the ability to co-aggregate with Salmonella enteritidis were also evaluated. Among 37 L. monocytogenes isolates, 36 strains were found, one of which included two genetically identical isolates (PFGE method). In all examined strains, the following genes were found: hlyA, plcB, plcA, inlA, inlB, prfA, iap, and actA. The presence of virulence genes, mpl, and fbpA was confirmed in 32 (88.9%) strains. It was reported that 30 (83.3%) of the strains belonged to serogroup 1/2a-3a. It was also found that the rate of coaggregation with S. enteritidis bacilli was 16.5-36.3%. Among the investigated L. monocytogenes strains, 25 (69.4%) were sensitive to all antibiotics used. Resistance to penicillin was reported most often among strains (n = 6, 16.7%). The assessment of L. monocytogenes virulence level is an important aspect for the protection of public health. It was reported that strains isolated from fish contain genes coding for virulence factors and some of them are antibiotic-resistant. In our study, it was found that strains with a high degree of genetic similarity also showed a high degree of similarity at the level of protein profiles.
Introduction
Listeria monocytogenes is a Gram-positive, rod-shaped, nonspore-forming facultative anaerobes, widespread in the environment, e.g., soil, water, and sewage. (Camejo et al. 2011; Muskalska and Szymczak 2015) . L. monocytogenes is an etiological agent of a dangerous disease-listeriosis, which occurs mainly in immunocompromised people, the elderly, pregnant women, and newborns. In recent years, an increasing number of recognized listeriosis cases and resistance to antibiotics has become a serious problem (Gahan and Hill 2005; Schuppler and Loessner 2010) .
The main source of L. monocytogenes is food products, including dairy, meat (mainly raw), fish (smoked and raw), as well as fresh fruit and vegetables (Gandhi and Chikindas 2007; Jami et al. 2014 ). According to the EFSA (European Food Safety Authority) data, in 2016, the most frequently implicated in L. monocytogenes infection were fish and fishery products. The presence of L. monocytogenes was confirmed in 5.6% of fish products and 4.7% of ready-to-eat (RTE) fish products (EFSA 2017) . There are two ways of potential fish contamination with L. monocytogenes in fish processing plants: (1) the spread of bacilli from the intestinal content to other tissues (including muscles), especially when the time between death isolate from 12 swabs-8.3%), slicer control panel (one isolate from 10 swabs-10.0%), slicer conveyor tape (one isolate from 10 swabs-10.0%), rolls of fish bone remover (one isolate from 11 swabs-9.1%), injector needles (one isolate from 10 swabs-10.0%); located in northwestern Poland. These isolates were collected in 2015. The reference strain Salmonella enteritidis ATCC 13076 and five various reference strains of L. monocytogenes were included in the study, depending on the application described below.
Isolation of L. monocytogenes strains
Analysis of the intermediate and finished product samples was carried out in accordance with the ISO 11290-1 (ISO 11290-1 2017). Samples of fish meat (25 g) were homogenized with 225 ml of half-Fraser broth (Merck). In the case of swabs from devices used in fish processing plants, the gauze was immersed in 100 ml of half-Fraser broth (Merck). Samples were incubated at 30°C for 24 h. Then 0.1 ml of the culture was introduced into 10 ml of Fraser broth (Merck) and the secondary selective enrichment was performed at 37°C for 48 h. After incubation, a reductive inoculation of material from the culture was performed on the agar plate according to Ottaviani and Agosti (ChromoCult® Listeria Selective Agar, ALOA®, Merck). Cultures were incubated for 24 h at 37°C. Selected colonies, initially identified according to the manufacturer's recommendations as Listeria spp. were transferred to Columbia Agar with 5% sheep blood (bioMérieux). Then, the hemolysis type was assessed and finally, identification was performed using the PCR method. Next, the obtained and identified isolates were frozen and stored in brain-heart infusion broth (BHI, Merck) with 15% glycerol (Avantor) at − 80°C.
Isolation of genomic DNA
Isolation of genomic DNA was performed using the Genomic Mini AX Bacteria Spin Kit (A&A Biotechnology) according to the manufacturer procedure.
Species identification of the isolates tested
Identification of examined isolates was made on the basis of the multiplex PCR reaction. Two pairs of L1 (5′-CAGC AGCCGCGGTAATAC-3′) and L2 primers (5′-CTCC ATAAAGGTGACCCT-3′), target gene: rrs (product size 938 bp) (Border et al. 1990) , as well as LM1 (5′-CCTA A G A C G C C A AT C G A A -3 ′ ) and LM2 (5′ -A A G C ACTTGCAACTGCTC-3′), target gene: hlyA (product size 750 bp) were applied (Bansal et al. 1996) . The following reaction mixture (25 μl) was used: 1.5 × PCR buffer (Promega), 2 mM MgCl 2 (Promega), 1.25 mM dNTPs (Promega), 0.5 μM of each primer (Oligo.pl), 1 U GoTaq DNA polymerase 
Evaluation of genetic similarity (PFGE)
After confirming the species identity, the genetic similarity of the selected L. monocytogenes strains was determined with the pulsed-field gel electrophoresis (PFGE). The procedure for genotyping was performed in accordance with the standard operating procedure for PulseNet PFGE of Listeria monocytogenes (PNL04, April 2013). To determine the degree of genetic similarity between isolates, a phylogenetic dendrogram was drawn in the CLIQS 1D Pro program (TotalLab). Clustering analysis was performed using hierarchical clustering with the UPGMA technique and Dice's coefficient. The PFGE technique was the main method of evaluating the genetic similarity of the isolates tested.
Determination of protein similarity
Protein similarity of isolates was determined by using the MALDI-TOF MS method (matrix-assisted laser desorption ionization time of flight, mass spectrometry) in accordance with the manufacturer procedure with MALDI Biotyper (Bruker).
To evaluate the level of similarity between the isolates tested, a dendrogram was drawn using the software of the equipment producer-ClinProt-Tools. The analysis of clustering was prepared based on the principal component analysis (PCA).
Molecular serotyping of L. monocytogenes strains
Multiplex PCR for the identification of the main L. monocytogenes serogroups (1/2a-3a, 1/2b-3b, 1/2c-3c, and 4b-4d-4e) was performed as described by Doumith et al. (2004) . The four selected L. monocytogenes strains kindly provided by Wałecka-Zacharska et al. (2013) were used as control strains for serogroups identification.
Detection of selected virulence genes
The multiplex PCR technique was used to determine the frequency of ten selected virulence genes occurrence among L. monocytogenes. Three separate PCR reactions were prepared: MIX I (genes fbpA, plcA, hlyA), MIX II (genes plcB, inlB, actA, iap), and MIX III (genes inlA, mpl, prfA) ( Table 1 ). The multiplex PCR reactions were set using the previously isolated genomic DNA. The L. monocytogenes IW 41 strain, possessing all detected genes, was used as for the reference. The reaction mixture (25 μl) contained 1 × PCR buffer (Promega), 25 mM MgCl 2 (ABO), 10 mM dNTPs (Promega), 10 μM of each primer (Oligo.pl), 1 U Taq DNA polymerase (Promega), ultrapure water (Sigma Aldrich), and 2 μl DNA. The amplification conditions and primer sequences are presented in Table 1 . The separation of PCR products was performed in 1.5% agarose gel (Sigma Aldrich) with an addition of the intercalating dye Midori Green (NIPPON Genetics EUROPE GmbH).
Evaluation of drug resistance
The evaluation was performed using the disk-diffusion method. Briefly, 24-h bacterial cultures were diluted in 0.9% saline solution (Avantor) OD of 0.5 Mac Farland standard. The prepared suspensions were plated on MHF medium (Mueller Hinton Agar with 5.0% horse blood and 20 mg/L β-NAD, bioMérieux) and then antibiotic discs were added. The Fig. 1 Phylogenetic dendrogram of the isolates tested susceptibility of isolates to penicillin (1 IU), ampicillin (2 μg), meropenem (10 μg), erythromycin (15 μg), and cotrimoxazole (1.25-23.75 μg) was evaluated. The prepared antibiograms were incubated at 35°C for 20 h. After the incubation period, growth inhibition zones around the antibiotic discs were measured. In order to confirm the results obtained by the disk-diffusion method, the MIC (minimum inhibitory concentration) values were determined by the broth microdilution method in the titration plate according to Wiegand et al. (2008) . The results were analyzed in accordance with the EUCAST (The European Committee on Antimicrobial Susceptibility Testing) v. 8.0 recommendations (EUCAST 2018).
Assessment of coaggregation ability between L. monocytogenes isolates and S. enteritidis
Assessment of coaggregation ability was performed with quantitative assays of bacterial coaggregation in suspension with spectrophotometric measurements described by Kinder and Holt (1994) .
Statistical analysis
The statistical analysis was performed in Excel (Microsoft) and Statistica 12.0 PL (StatSoft) software. To check the dependencies between categorical variables, the chi-square homogeneity test, chi-square independence test, and Fisher's exact test were used. The differences were considered statistically significant at the probability level p < 0.05.
Results

Species identification within the tested isolates
The presence of rrs and hlyA genes was demonstrated in all 37 examined isolates, which confirmed that they belonged to the L. monocytogenes species.
Evaluation of genetic (PFGE) and protein (MALDI-TOF MS) similarity levels
The analysis of genetic similarity (PFGE) between 37 L. monocytogenes strains revealed 36 genotypes (Fig. 1) . Strains 15 and 16 isolated from the fresh fillet and brine, respectively, had the same PFGE profile (Table 2) . Four main phylogenetic groups of L. monocytogenes were distinguished (Fig. 1) . Group I included two (5.6%) strains, group II-22 (69.4%) strains, group III-two strains (5.6%), and group IV-11 (30.6%) strains (Fig. 1) . The genetic similarity of strains belonging to group I was approx. 69%, group IIapprox. 55-92%, group III-approx. 66%, and to group IV-approx. 58 to 100% (Fig. 1) . The highest level of genetic similarity (95%) among the investigated bacilli was recorded for strains with the numbers 34 and 39 (Fig. 1) . Among the isolates obtained from devices used in fish processing, most strains were classified into the II (n = 6; 60.0%), IV (n = 3; 30.0%) phylogenetic groups, and less to groups I (n = 1; 10.0%) and III (n = 1; 10.0%) (Fig. 1) . Strains isolated from fish usually represented the III (n = 16; 61.545) and IV (n = 8; 30.8%) phylogenetic groups. Phylogenetic groups I and III contained only one strain isolated from fish, each (Fig. 1) . Based on MALDI-TOF MS profiles, three groups of similarity were distinguished (Fig. 2) . The first cluster (n = 16, 44.44%) mostly included bacilli isolated from fish (n = 14, 53.9%). The second cluster included 13 strains (36.11%), of which nine (34.62%) were obtained from fish and four (40.0%) from processing equipment (Fig. 2) . A pair of strains numbered 34 and 39 was characterized by the highest level of protein similarity (distance around 0.07) as compared to the other strains of the II cluster. Cluster III was represented by seven strains (19.44%), with the majority of bacilli isolated from production equipment (n = 4, 40.0%) as compared to fish-isolated strains (n = 3; 11.54%). A high level of protein similarity within cluster III was demonstrated for strains numbered 23 and 26 (distance of approx. 0.1) (Fig. 2) . Among the entire population studied, the highest level of protein similarity was demonstrated for isolates numbered 15 and 16 (distance around 0.05). On the other hand, the pair of isolates numbered 15 and 16 showed the lowest protein similarity level (distance around 1.2) with strains numbered 34 and 39 (Fig. 2) . The highest similarity at the level of protein profiles, among the strains obtained from fish, was found for strains numbered 34 and 38 (distance of about 0.17). However, strains numbered 20 and 24 were the pair with the lowest similarity (distance around 1.1) (Fig. 2) . As for the population of isolates from the processing plant equipment, it was reported that the pair with the highest protein similarity level were strains 23 and 30 (distance around 0.3). The lowest degree of protein similarity (distance of about 1.1) was found for strains numbered 12 and 32 (Fig. 2) .
The application of PFGE and MALDI-TOF MS methods, determining the similarity level between strains, allowed to distinguish four and three main monophyletic clusters, respectively (Figs 1 and 2) . The comparison of genetic profiles allowed to detect two genetically identical isolates numbered 15 and 16 (genetic similarity rate 100.0%). This pair of isolates was also characterized by the highest protein similarity level among the representatives of the protein cluster I and the entire population studied (distance about 0.05) (Figs 1 and 2 ). Strains numbered 34 and 39 were the pair with the highest level of protein profile similarity among the representatives of the II protein cluster (distance around 0.07) (Fig. 2) . The genetic similarity rate of these strains was also high reaching Fig. 2 Dendrogram of the protein similarity of L. monocytogenes bacilli tested approx. 95% (Fig. 1) . In contrast, the lowest similarity at the level of protein profiles (distance of about 1.2) was reported for strains in the arrangement: a pair of isolates numbered 15 and 16 and a pair of strains numbered 34 and 39 (Fig. 2) . The level of protein similarity for strains 19 and 21 was at around 0.38, while for strains numbered 22 and 29, at around 0.83 (Fig. 2) .
Evaluation of L. monocytogenes strains serogroup affiliation
It was reported that 30 (83.3%) L. monocytogenes strains belonged to serogroup 1/2a-3a, i.e., 21 (80.8%) strains obtained from fish and nine (90.0%) from equipment used in fish processing (Table 3) . A significantly higher percentage of strains belonging to serogroup 1/2a-3a was found among strains isolated from processing equipment than from fish (Table 3 ). Affiliation in the 1/2b-3b group was confirmed in one strain (2.8%), isolated from whole salmon; raw material (Tables 2 and 3 ). Five (13.9%) studied strains showed serogroup 4b-4d-4e affiliation, i.e., four fish-originating strains (15.4%) and one (10.0%) from the equipment used in the fish processing plant (Tables 2 and 3 ).
Detection of selected virulence genes
The hlyA, plcA, iap, plcB, inlB, actA, inlA, and prfA genes were found in all 36 strains tested (Table 4 ). There were no significant differences in the frequency of genes encoding virulence factors occurrence between fish-and processing equipment-obtained strains (Table 4 ). The presence of the fbpA and mpl genes was found in 32 (88.9%) bacilli studied, i.e., in 23 (88.5%) fish-isolated strains and nine (90.0%) from devices used in fish processing plants (Table 4) . Two virulence profiles (A and B) were distinguished (Table 5 ). Profile A included 33 (91.7%) strains and it was significantly more frequent among isolates from the equipment used in a fish processing plant (10; 100.0%) than among strains isolated from fish (23, 88.5%) ( Table 5 ). Profile B was distinguished only for three (11.54%) strains isolated from fish (Table 5) .
Evaluation of drug resistance
The results obtained by the disk-diffusion method and the method of determining the MIC values were completely consistent (Tables 2 and 6) . Among the 36 strains tested, 25 (69.44%) were sensitive to all antibiotics used. The remaining 11 (30.6%) were resistant to at least one of the antibiotics p value indicating the significance of differences is set in italics applied (Table 6 ). Most strains were resistant to penicillin (n = 6; 16.7%), i.e., four fish strains (15.4%) and two (20.0%) from processing plants. Resistance to erythromycin was confirmed in three strains isolated from fish (11.5%) and two (20.0%) from production equipment. Resistance to cotrimoxazole (n = 2, 5.6%) and ampicillin (n = 2, 5.6%) was found in one strain isolated from fish and one obtained from production equipment. Two strains isolated from fish were meropenemresistant (7.7%), while none of the strains isolated from production equipment presented resistance to this antibiotic. Seven drug-resistance profiles were distinguished ( Table 7) . The most numerous one, profile I included 25 strains (69.44%), which were susceptible to all antibiotics tested, and it was statistically more common among fish isolates (19 strains, 73.08%) as compared to isolates from production equipment (six strains, 60.0%) ( Table 7) . Two strains (5.6%) which presented simultaneous resistance to the three antibiotics tested, i.e., penicillin, ampicillin, and erythromycin, were classified in the IV drug-resistance profile. This type of resistance was found in one strain isolated from fish (3.9%) and one strain (10.0%) obtained from machinery used in fish processing (Tables 2 and 7 ). The V-VII profiles were the least frequent within the population studied (Table 7) . Profile V was confirmed in one strain (10.0%) isolated from the production equipment. It was significantly more frequent in the population of isolates from production equipment than fish (Table 7) . On the other hand, profiles VI and VII were more common in the population of fish isolates as compared to production equipment ( Table 7 ).
The highest genetic similarity level (93%) within drugresistance profile I was demonstrated for strains numbered 33 and 36 (Fig. 1) . The similarity level of protein profiles of strains no. 33 and 36 was estimated to be around 0.5 (Fig. 2) . The highest similarity at the level of protein profiles among representatives of profile I was demonstrated for the strains numbered 23 and 26; distance around 0.15 (Fig. 2) . The genetic similarity rate of these strains was assessed to be around 82% (Fig. 1) . Strains numbered 31 and 40, which were resistant to three antibiotics tested (IV profile) belonged to the IV and II phylogenetic groups, respectively (Fig. 1) . The protein similarity level of these strains was about 0.57 (Fig. 2) .
Assessment of coaggregation ability between L. monocytogenes isolates and S. enteritidis strain
It was reported that the coaggregation rate between L. monocytoegens and S. enteritidis reached form 16.5 to 36.3% (Table 2) . The highest coaggregation level (36.3%) was found between S. enteritidis and strain no. 4 (Table 2 ). On the other hand, the lowest coaggregation rate (16.5%) was reported between S. enteritidis and strain no. 12 ( Table 2 ). The level of coaggregation among strains isolated from the processing plant equipment reached from 16.5 to 35.1%, while among fish isolates from 19.3 to 36.3% (Table 2 ). The rate of coaggregation among the strains resistant to three antibiotics was 25.9% (strain no. 31) and 28.1% (strain no. 40), respectively (Tables 2 and 6 ). High and the same level of coaggregation was found among the first phylogenetic group (33.9%) and III (32.8%) strains. The highest level of coaggregation at 35.7% was demonstrated for strains no. 8 (II phylogenetic group) and no. 15 (IV phylogenetic group) (Fig. 1, Table 2 ).
Discussion
The contamination level of fish and fish products with L. monocytogenes is relatively high and amounts to about 7% (EFSA and ECDC 2016; EFSA 2017) . Polish fish processing also has quite high levels of L. monocytogenes pollution, both in the case of raw materials and finished products, as confirmed by our own research and by the works of Wieczorek and Osek (2017) and Skowron et al. (2018) . In our own study, it was shown that the level of fish contamination with L. monocytogenes was 13.2%. Similar contamination level of fresh and smoked fish was shown by Wieczorek and Osek (2017) . In turn, Skowron et al. (2018) showed the presence of L. monocytogenes in 31.1% of fish samples.
L. monocytogenes bacilli isolated from fish, fish products, and fish processing plants most often belong to serotype 1/2a and 4b (Gudmundsdóttir et al. 2005; Jami et al. 2014 ). In our research, this tendency was confirmed. The affiliation of L. monocytogenes in the following serogroups was recorded: p value indicating the significance of differences is set in italics Table 6 The MIC values for L. monocytogenes strains tested 1/2a-3a, 1/2b-3b, and 4a-4d-4e. Most strains (n = 30, 80.3%) belonged to the group 1/2a-3a, followed by the group 4b-4d-4e (n = 5, 16.7%), and one strain (2.8%) to the group 1/2b-3b. In contrast to our research, Montero et al. (2015) reported that serotype 4b was dominant among the tested L. monocytogenes strains isolated from food products. However, the serogroup 1/2a-3a, dominant in our study, in the Montero et al. (2015) research was represented only by 32.0% of the population studied where 31.0% of the strains (5 of 18) were isolated from smoked fish. They also found the presence of seven isolates of serotype 1/2b (Montero et al. 2015) . The data close to the results of our research was obtained by Martín et al. (2014) and Jamali et al. (2015) . Martín et al. (2014) reported that the bacilli of L. monocytogenes isolated from meat products represented the following serological groups: 1/2a (36.8%), 1/2c (34.0%), 1/2b (17.9%), and 4b (11.3%). Jamali et al. (2015) reported the following serological affiliation: 1/2a-3a (61.1%); 1/2c-3c (27.8%), and 4b-4d-4e (11.1%). On the other hand, Martín et al. (2014) reported that bacilli of L. monocytogenes isolated from meat products represented the following serological groups: 1/2a (36.8%), 1/2c (34.0%), 1/2b (17.9%), and 4b (11.3%). In a study conducted by Wieczorek and Osek (2017) , four serogroups of L. monocytogenes isolated from fish were identified molecularly. The highest number of strains belonged to serogroup 1/2a-3a (40 isolates, 70.2%), including 33 isolates from marine fish (71.7%) and seven from freshwater fish (63.6%). They showed that affiliation to the serogroup 1/2b-3b-7 was confirmed among 14 strains (24.6%), including 11 (23.9%) isolates from marine fish and three (27.3%) from freshwater fish (Wieczorek and Osek 2017) . The results of the study Wieczorek and Osek (2017) are similar to the results of our own research among strains isolated from fish and processing plants.
In the present study, it was found that all strains tested had the following genes encoding virulence factors: hlyA, plcB, actA, inlA, inlB, iap, plcA, and prfA. Also, KosekPaszkowska et al. (2005) and Aurora et al. (2008) confirmed the presence of the hlyA gene among all L. monocytogenes strains tested, isolated from poultry meat and dairy RTE products. On the other hand, Park et al. (2012) confirmed the presence of seven L. monocytogenes isolates without the hlyA gene, but with other virulence genes. The hlyA gene in L. monocytogenes is coded constitutively and its absence may be the result of a mutation (Park et al. 2012) . Jamali et al. (2015) confirmed the presence of the hlyA, actA, and iap genes in all L. monocytogenes strains evaluated. In contrast, Al-Nabulsi et al. (2015) found the iap gene in only 16.6% (n = 4) strains isolated from processed meat. Similar results were obtained by Wieczorek and Osek (2017) and Gelbíčová and Karpíšková (2012) , who confirmed the presence of the plcB gene among the entire population studied. On the other hand, Jamali et al. (2015) detected the plcA gene in 41 (95.3%) strains isolated from fish. By using the PCR technique, Lotfollahi et al. (2014) found that the plcA gene was present at a 100.0% frequency among 130 L. monocytogenes strains isolated from milk and meat products. Jacquet et al. (2002) reported that the actA gene was present at a 100.0% frequency among L. monocytogenes strains isolated from food products. On the other hand, Gelbíčová and Karpíšková (2012) confirmed the presence of the inlA gene among four strains isolated from the natural environment. The inlA gene occurrence, at 88.6% frequency rate, was also confirmed in the study by Mureddu et al. (2014) . The presence of the inlB gene was reported among 48.6% strains by Al-Nabulsi et al. (2015) , however, Jacquet et al. (2002) found the presence of this gene among all 150 strains of L. monocytogenes isolated from food products. In the experiment by Jamali et al. (2015) , the prfA gene was carried by 42 isolates (97.7%). The presence of this gene among all strains tested was also confirmed by Mureddu et al. (2014) . The presence of mpl and fbpA genes was found among 32 (88.89%) strains evaluated in the present Table 7 Drug-resistance profiles of L. monocytogens strains tested (S-sensitive, R-resistant, P-penicillin, AM-ampicillin, MEM-meropenem, Eerythromycin, SXT-cotrimoxazole) p value indicating the significance of differences is set in italics study. In contrast, Montero et al. (2015) found that all analyzed isolates from food products, i.e., raw meat, smoked fish, fruit, and vegetables, had the mpl gene. Also, Das et al. (2013) confirmed the presence of the mpl gene among all L. monocytogenes isolates obtained from seafood. In recent years, the increasing resistance of L. monocytogenes strains to antibiotics has become a serious problem, especially with those used during standard therapy of patients with diagnosed listeriosis (Chen et al. 2010 ). The L. monocytogenes strains investigated in the present study were mostly (n = 25, 69.4%) sensitive to each antibiotic used. On the other hand, according to Fallah et al. (2013) , only 42 (15.1%) L. monocytogenes strains isolated from fish were sensitive to all antibiotics tested, whereas 11 (4.0%) isolates presented resistance to one or more antibiotics. Research conducted in the Polish processing plants demonstrated that all tested isolates (including those from fish) were resistant to ampicillin, gentamycin, amoxicillin, trimethoprim, erythromycin, chloramphenicol, sulfamethoxazole, rifampicin, and vancomycin (Korsak et al. 2012) . In the present study, penicillin resistance was most often reported among strains (n = 6; 16.7%). Moreover, simultaneous resistance to three antibiotics was reported in two strains (5.6%). Jamali et al. (2015) reported the occurrence of L. monocytogenes strains, isolated from open fish markets, resistant to ampicillin (n = 9/43, 20.9%) and penicillin (n = 7/43, 16.3%). In contrast, Gelbíčová and Karpíšková (2012) found no penicillin-resistant strains among the bacteria isolated from various food products. In the present study, resistance to erythromycin was detected in five (13.9%) strains. Research performed by Abdellrazeq et al. (2014) confirmed the resistance to erythromycin in two L. monocytogenes strains isolated from frozen fish. According to Jamali et al. (2015) , resistance to this antibiotic was found in six isolates (14.0%) obtained from open fish markets. Moreover, they reported that the isolates were often resistant to two antibiotics (n = 20/43, 46.5%) (Jamali et al. 2015) . Abdollahzadeh et al. (2016) found that all (100.0%) tested strains obtained from seafood and humans in Iran were resistant to ampicillin and cefotaxime, while 57.0% demonstrated resistance to penicillin. In the present study, resistance to meropenem and cotrimoxazole was reported in two strains (5.6%). However, in the study conducted by Ruiz-Bolivar et al. (2011) , 44.0% strains, isolated from poultry, cheese, lettuce, spinach, and raw cow milk in Columbia, were resistant to meropenem. On the other hand, Majczyna and Białasiewicz (2006) found that none of the tested strains isolates from pork-minced meat, ready-made products, and frozen vegetables, was resistant to cotrimoxazole. Results of Fallah et al. (2013) , Jamali et al. (2015) , and Abdollahzadeh et al. (2016) indicate high resistance of L. monocytogenes to ampicillin and penicillin, i.e., the most commonly used antibiotics in patients with listeriosis.
Coaggregation plays an important role during surface colonization (including in processing plants) and the formation of biofilms (Kinder and Holt 1994) . In the present study, it was found that the level of coaggregation between L. monocytogenes and S. enteritidis accounted for 16.5-36.3%. Research performed by Gómez et al. (2016) indicated the highest coaggregation rate (69.0%) between L. monocytogenes and Lactobacillus curvatus, while the lowest (53.4%) between L. monocytogenes and Weissella viridescens. Janković et al. (2012) , on the other hand, found that the coaggregation rate between Lactobacillus plantarum and L. monocytogenes reached 6.5-39.7%.
The methods of determining the degree of genetic (PFGE) and protein (MALDI-TOF MS) similarity of studied strains obtained from food products and the processing environment were used in the study, which is an important epidemiological aspect. In our study, it was found that strains with a high degree of genetic similarity also showed a high degree of similarity at the level of protein profiles. For strains belonging to the first and third group of genetic similarity (accordingly on the level 69 and 66%), a high degree of coaggregation was found with S. enteritidis (accordingly 33.9 and 32.8%). It was found that the degree of protein similarity of strains resistant to three tested antibiotics was 0.57. Abdollahzadeh et al. (2016) showed a high level of genetic similarity of L. monocytogenes isolates from fish but did not find any correlation between the isolated pulsotypes of rods and their resistance to antibiotics. Also, Wieczorek and Osek (2017) showed no relation between the antibiotic resistance profile of L. monocytogenes and the genotype obtained by PFGE among isolates from Polish processing plants. Park et al. (2012) , using the PFGE method and serotyping, found that L. monocytogenes tested strains are genetically and serologically heterogeneous. The study of Barbuddhe et al. (2008) shown that the isolated lines of genetic similarity (PFGE) were fully consistent with the data obtained using the MALDI-TOF MS technique. They demonstrated the repeatability, speed, and sensitivity of the analysis as significant advantages of the MALDI-TOF MS method. However, at present, the PFGE technique is the method of choice for studies determining the microorganisms responsible for epidemics .
In conclusion, due to the increasing number of recognized listeriosis incidents, there is an urge for continuous monitoring of food contamination with L. monocytogenes. Proper food storage, especially of raw fish material, as well as avoiding cross-contamination (also at the stage of retail sales) play an important role in ensuring consumer health safety. Moreover, it was found that the majority of strains isolated from fish processing industry belonged to the serological group 1/2a-3a, the most frequently implicated in human listeriosis. (Doumith et al. 2004 ) Consequently, secondary food contamination may be the main source of pathogenic bacilli in food processing plants.
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